SI.1) Materials and Methods
and eluted with a 0-6% linear gradient of ammonium sulfate in HA buffer (20 mM Naphosphate buffer pH 7.2, 200 mM NaCl, 5 mM β-mercaptoethanol), peak fractions were pooled and Bud31p was concentrated and buffer exchanged using an Amicon-Ultra-15 concentrator (Millipore) with an exclusion size of 10 kDa.
SI.1.2 Biophysical characterisation of Bud31p.
Analytical gelfiltration was performed on a Superdex S200 HR 10/300 column with 20 mM Tris-HCl pH 7.4, 200 mM NaCl and 1 mM DTT as eluent. Analyical ultracentrifugation was carried out using a Beckman XL-A centrifuge equipped with an absorbance detection system. Measurements were carried out at 30 and 40 krpm.
Mass spectrometry measurements were carried out on a Micromass LCT Mass
Spectrometer, a time-of-flight (TOF) mass spectrometer equipped with both electrospray (ESI) and atmospheric pressure chemical ionization (APCI) ion source (Waters). The mass of Bud31p was measured either under denaturing conditions using 1% formic acid in 50% methanol or under native conditions using 150 mM ammonium acetate with 1 mM DTT.
Far-UV CD. Spectra of 0.2 mg/mL Zn 3 Bud31p or 113 Cd 3 Bud31 in CD buffer (10 mM Na-phosphate pH 7, 50 mM KF) were recorded using a Jasco J-810 spectropolarimeter (Jasco Corp.) at 20°C in the spectral range from 190 to 260 nm with 0.2 nm resolution.
Spectra were recorded as averages of six scans at a scanning speed of 100 nm/min. The response time was 2.0 s with a bandwidth of 1.0 nm. Quartz cuvettes with an optical path of 1 mm were used. The spectra were corrected for the buffer background. Cd, based on CdMe 2 as a standard as listed in reference [2] ). The following datasets were acquired at 25°C (and also at 35°C where indicated below) [ , [3] 2D HMQC-NOESY (2048 scans, 31 hour experiment time; see also below), [4] Cd) J-couplings through cysteinyl sulfur are in the range 30−50 Hz, [5] which would imply a maximum in the transfer function sin(πJt 1 ).exp(-t 1 /T 2 ) also at approximately 2−3 ms. Cys108 that bridges between Cd1 and Cd2. Clearly, the remaining bridging cysteine must link Cd1 and Cd3, and the only cysteinyl Hβ signal that appears for both Cd1 and Cd3 in the HMQC-RELAY spectrum is the Hβ2 signal of Cys104. Clear corroboration for the assignment of Cys104 as the Cd1-Cd3 bridge is seen in the HMQC-NOESY spectrum, where there are cross-peaks from Cys104 Hα (as well as weak peaks to Cys104 Hβ3) to both Cd1 and Cd3.
With the three bridging cysteines identified, assignment of the remaining two (nonbridging) cysteine ligands for each cadmium was straightforward.
The HMQC-RELAY spectrum shows clear connections from Cd1 to Cys148 Hα and Cys105 Hβ2/3, and from
Cd2 to Cys145 Hα and (more weakly) Cys120 Hβ2 and Hβ3, while Cd3 shows strong connections to Cys153 Hβ2 and Hβ3 and weak connections to Cys150 Hβ2/3 and Hα; these assignments are also corroborated by connections seen in the HMQC-NOESY spectrum.
Furthermore, structures calculated from NOEs and J-couplings alone, with no metal connectivites or ligand-ligand restraints in the input, produce structures that, although of low-resolution, have ligand-ligand distances that are all fully compatible with the assignments listed above.
SI.1.6 Structure Calculations.
NOE distance restraints were derived from analysis of all of the data from NOE-based experiments. Cross peaks intensities were measured using the program SPARKY [7] and grouped into four categories. Strong d NN (i, i+1) connectivities in α-helices defined the category "strong" (0-2.8 Å, 361 constraints), dα N (i, i+3) cross-peaks in helices defined the category "medium" (0-3.5 Å, 325 constraints), and all remaining peaks were classified as "weak" (0-5 Å, 1116 constraints), except for a small number of the very strongest peaks that were placed in the category "very strong" (0-2.3 Å, 26 constraints). Lower bounds for all NOE restraints were set to zero, [8] and no multiplicity corrections were required since r -6 summation was used for restraints involving groups of equivalent or non-stereoassigned spins.
[9]
Stereospecific assignments for 57 CβH 2 groups were made by analyzing HNHB, Structures were calculated from polypeptide chains with randomized φ and ψ torsion angles using a two-stage simulated annealing protocol within the program XPLOR-NIH. [10] In the first stage, no zinc ions were included in the calculations, and the arrangement of the zinc-binding ligands was imposed only by using inter-atomic ligand-ligand distances (Cys Sγ-Cys Sγ, 3.7-3.9Å), specified according to the topology determined by the (Figures 2a and S5) , and covalent constraints applied to impose correct local geometry during subsequent refinement. The structure was then subjected to initial Powell minimization (500 steps), increasing dihedral force constant during 4000 step cycles of dynamics at 1000K (with a strong van der Waals force constant and square-well NOE potential function), cooling to 300K in 1000 step cycles, and 2000 steps of final Powell minimisation. In all structure calculations, the force-field comprised only geometric terms; electrostatic, van der Waals attractive and generalized hydrogen bonding terms were not included.
The program CLUSTERPOSE [11] was used to calculate the mean rmsd of ensembles to their mean structure, and structures were visualised using the program PYMOL. [12] The sequence of Bud31p, colored according to CONSURF conservation scores. The conservation scores were calculated with CONSURF, [13] using a manually curated multiple sequence alignment of 316 Bud31p homologs. The homologous sequences were collected from a PSI-BLAST [14] search against the NCBI NR sequence database, then aligned with MUSCLE [15] and manually edited using JALVIEW. [16] All nine of the metal-binding cysteine residues are invariant across species. Overall views of the structure of Bud31p. a), b) Ensemble views, generated using the program Clusterpose.
[11b] Chainbow colouring is used, running from blue at the N-terminus to red at the C-terminus (disordered regions as defined in Figure S7 are shown in grey).
c)-h) Surface views shown using the lowest NOE energy structure: c), d) Potential surface calculated using the program and APBS, [17] coloring runs from red (-4.0 K b T/e c ) to blue (+4.0 K b T/e c, ); e), f) Hydrophobic surface colored according to the Kyte-Doolittle scale; [18] g), h) Conservation scores mapped to the protein surface (cyan, variable; maroon, conserved); conservation scores and coloring scale are as described in the caption to Figure   S3 . H} NOE data for Bud31p, obtained at 600 MHz and 27°C using the pulse sequence of Farrow et al. [19] In addition to the N-terminal tail, there are clear regions of reduced NOE values corresponding to the flexible loops at approximately residues 37-44 and 108-120, as well as slightly reduced values for residues 125-135.
Figure S11
Sequence alignment of metal-binding domain homologous to that in Bud31p found in some protozoa and amoebi. In this small family the metal-binding domain occurs without the associated helical bundle domain seen for Bud31p, and in all but the last two cases, two copies of the domain occur as a closely-spaced tandem repeat.
